Foliar flavonoids of Tanacetum vulgare var. boreale were isolated. Eight flavonoid glycosides, 7-O-glucosides of apigenin, luteolin, scutellarein and 6hydroxyluteolin, and 7-O-glucuronides of apigenin, luteolin, chrysoeriol and eriodictyol were identified. Moreover, eight flavonoid aglycones, apigenin, luteolin, hispidulin, nepetin, eupatilin, jaceosidin, pectolinarigenin and axillarin were also isolated and identified. The flavonoid composition of two varieties of T. vulgare, i.e. var. boreale and var. vulgare, were compared. All samples of var. boreale and one sample of var. vulgare had the same flavonoid pattern, and could be distinguished from almost all the samples of var. vulgare. Thus, the occurrence of chemotypes, which are characterized by either the presence or absence of scutellarein 7-O-glucoside, eriodictyol 7-O-glucuronide and pectolinarigenin was shown in T. vulgare sensu lato.
Tanacetum vulgare L. var. boreale (Fisch. ex DC.) Trautv. et C.A.Mey (Asteraceae) is distributed in Russia, China, North Korea and Japan. On the other hand, T. vulgare L. var. vulgare is widely distributed in northern Europe and North America. Both taxa have similar morphological characters, and some authors consider that their varieties are the same taxa [1, 2] . T. vulgare has been used as an herbal drug. Nine flavonoid glycosides, i.e. 7-O-glucosides of apigenin, luteolin and 6-hydroxyluteolin, 7-O-glucuronides of apigenin, luteolin, chrysoeriol and diosmetin, orientin and quercetin 5-O-glucoside, have been reported from the leaves, disc flowers and aerial parts [3] [4] [5] [6] . Moreover, sixteen flavonoid aglycones, i.e. apigenin, luteolin, hispidulin, nepetin, chrysoeriol, diosmetin, eupatilin, eupatorin, jaceosidin, acacetin, pectolinarigenin, axillarin, jaceidin, centaureidin, isorhamnetin, and bonanzin, have been reported from the taxa, as flavonoid exudates [4] [5] [6] [7] [8] [9] . Of their flavonoids, jaceosidin and hispidulin have been shown to have antiinflammatory effects [4, 9] . However, the flavonoids of var. boreale have not been reported. In this paper, we describe the characterization of foliar flavonoids in var. boreale and compare its flavonoid composition with that of var. vulgare. Plant materials were collected from various sites in the Northern Hemisphere (Table 1) .
Nine flavonoid glycosides were isolated from the leaves of var. boreale. Of these compounds, eight flavonoids, apigenin 7-Oglucoside (1), luteolin 7-O-glucoside (2), scutellarein 7-O-glucoside (3), 6-hydroxyluteolin 7-O-glucoside (4), apigenin 7-O-glucuronide (5), luteolin 7-O-glucuronide (6), chrysoeriol 7-O-glucuronide (7) and eriodictyol 7-O-glucuronide (8) were identified by LC-MS and HPLC comparisons with authentic standards. Moreover, 4 and 7 were characterized from their UV spectra according to Mabry et al. [10] . Flavonoid 9 was shown to be a 7,4´-substituted luteolin, probably diosmetin 7-O-glucuronide, from its UV spectrum, and the appearance of the molecular ion peak at m/z 477 [M + H] + in its LC-MS. Eight flavonoid aglycones, apigenin (10), luteolin (11), hispidulin (12), nepetin (13), eupatilin (14) , jaceosidin (15), pectolinarigenin (16) and axillarin (17) , were identified by LC-MS and HPLC comparisons with authentic standards. However, other flavonoids (19-25) were partially characterized for small amounts.
The foliar flavonoid composition of seven samples of var. boreale and eight samples of var. vulgare (Table 1) was surveyed by HPLC. The distribution of flavonoid glycosides and aglycones is shown in Tables 2 and 3, respectively. Sixteen flavonoid glycosides were detected from the leaves of both varieties. Of their flavonoids, 1-7, 9 and 19-23 were flavones, 8 and 24 were flavanones, and 25 was a flavonol. Flavones 1, 2 and 4-7 were major compounds in both varieties. However, four unknown flavonoids, 21 and 23-25, were rare appearance among the samples (Table 3) for 21 and 23-25 (glycosides), and 18, 26-28, 30 and 32 (aglycones), which have a very limited distribution. Their scatter diagrams with 1st and 2nd principal component (PC) are shown in Figure 1 . Their factor loadings for the flavonoid glycosides and aglycones in the leaves of both varieties are shown in Table 4 . With flavonoid glycosides, the spots of var. boreale were present more on the right side than those of var. vulgare ( Figure 1A ). Compounds 3, 7 and 8 showed larger values than 0.4 in the 1st PC. Flavonoid aglycones also showed a similar tendency to that of flavonoid glycosides ( Figure 1B) . Flavonoids 13 and 16 showed a larger value than 0.4 in the 1st PC.
In this study, we completely identified eight flavonoid glycosides and eight aglycones in the leaves of var. boreale. Of their flavonoids, 1, 2, 4-7 and 9-17 have already been reported from var. vulgare [3] [4] [5] [6] [7] [8] [9] . On the other hand, scutellarein 7-O-glucoside (3) and eriodictyol 7-O-glucuronide (8) were first reported from the genus Tanacetum. The latter compound has been isolated from Chrysanthemum species and has been reported to have a high insect growth regulating activity [11] . It has already been reported that their flavonoid glycosides and aglycones exist in vacuoles and on leaf surfaces, respectively [4, 5] .
We surveyed flavonoid glycosides and aglycones of var. boreale and var. vulgare leaves. As a result, flavonoid glycosides 1, 2 and 4-7, and aglycones 10-15, 17 and 34 were widely distributed among the samples and existed in both varieties (Tables 2 and 3 ). Thus, it was shown that both varieties are chemotaxonomically close to each other. Principal component analysis using flavonoid glycosides showed that var. boreale is united to one group by the presence of scutellarein 7-O-glucoside (3), chrysoeriol 7-O-glucuronide (7) and eriodictyol 7-O-glucuronide (8) (Figure 1 and Table 4 ). Of their flavonoids, 3 and 8 occurred only in var. boreale, and were important chemical characters of var. boreale (Table 2) . Furthermore, the principal component analyses using the flavonoid aglycones showed a similar tendency to that of flavonoid glycosides. Tanacetum vulgare var. boreale was characterized by the presence of nepetin (13) and pectolinarigenin (16) (Figure 1 and Table 4 ). Especially, 16, which occurred only in var. boreale, is an important character of var. boreale (Table 3 ). However, sample Tv5 of var. vulgare, which was collected in Russia, had the same chemical characters as those of var. boreale. It has been claimed that var. boreale and var. vulgare are the same taxon (T. vulgare sensu lato.) because of similar morphological characters [1, 2] . Var. boreale and var. vulgare were not chemically distinguishable, showing that they belong to the same taxon. We presumed that all samples of var. boreale and Tv5 of var. vulgare are the same chemotype of T. vulgare sensu lato.
Flavonoid glycosides and aglycones are used as scavengers against various environmental stresses. For example, flavonoid glycosides in the cells act as an UV shield, and a feeding deterrent [12, 13] . On the other hand, flavonoid exudates provide freezing tolerance and phytoalexins [13, 14] . Eriodictyol 7-O-glucuronide (8) , which is one of the characteristic flavonoids of var. boreale samples and Tv5 of var. vulgare, has been reported from Chrysanthemum species. The genus Chrysanthemum is distributed in East Asia and the adjacent area. Its distribution partially overlaps with that of var. boreale. The genera Tanacetum and Chrysanthemum belong to different sub-tribes, Anthemidinae and Artemisiinae, respectively [15] . However, it has been reported that Chrysanthemum makinoi forms hybrids with C. vulgare (= T. vulgare var. boreale) [16] . So, we presumed that T. vulgare var. boreale was created by hybridization between var. boreale and certain Chrysanthemum species. 
Plant materials:
The herbarium specimens of T. vulgare var. boreale and var. vulgare, which are deposited in the Herbarium of the National Museum of Nature and Science, Japan (TNS) ( Table  1) , were used as plant materials.
Extraction and separation:
Dried leaves (each ca. 0.5 g) were extracted with MeOH for 24 h. Part of the extracts were used for comparison of flavonoid composition. The remaining extracts were used for isolation and identification of flavonoids. After concentration, the extracts were separated by preparative paper chromatography using 15% HOAc. The compounds were purified by Sephadex LH-20 column chromatography using 70% MeOH. The flavonoids were further purified by preparative HPLC.
